ANNALES 
UNIVERSITATIS MARIAE CURIE-SKŁODOWSKA 


LUBLIN — POLONIA 
VOL. LVII, 13 SECTIO D 2002 


Pulmonary Department, University School of Medicine, Lublin 
Katedra i Klinika Chorób Płuc i Gruźlicy Akademii Medycznej w Lublinie 


JANUSZ MILANOWSKI 


Significance of bronchial challenge testing in pulmonary medicine 


Znaczenie prowokacyjnych testów oskrzelowych w diagnostyce chorób układu oddechowego 


BRONCHIAL CHALLENGE TESTING 


Bronchial inhalation challenge tests are used as a means of studying asthma and 
different pulmonary diseases at the experimental and human level for investigative 
and diagnostic purposes. They have contributed significantly to our understanding of 
the pathophysiology and the pathogenesis of asthma and to our understanding of 
mechanisms of antiasthmatic drug therapy. 

In terms of their clinical application, bronchial challenge tests may be categorized 
as follows: (1) tests of nonspecific airway responsiveness, and (2) tests of specific airway 
responsiveness. Specific airway responsiveness pertains to reactions induced by specif- 
ic agents, that is, those that are capable of sensitizing airway tissue, such as allergens 
and certain occupational agents. Nonspecific responsiveness, by contrast, describes 
the state of bronchial reactivity to different stimuli, such as such as methacholine and 
histamine. The present discussion considers both types of challenge tests and focuses 
on the technical aspects of challenge procedures, the characteristics of airway reac- 
tions induced by controlled provocation, and the uses and significance of these tests. 


TESTS OF NONSPECIFIC AIRWAY RESPONSIVENESS 


Abnormal nonspecific airway responsiveness (hyperresponsiveness), is a charac- 
teristic feature of bronchial asthma [2]. Airway hyperresponsiveness may manifest 
clinically as a cough and bronchospasm with exposure to inhaled irritants, with phys- 
ical exertion, or with mechanical stimulation of the airways. In the laboratory abnor- 
mal responsiveness is recognized by an increased bronchoconstrictor response to in- 
haled bronchoactive agents or to physical stimuli, such as exercise or hyperventila- 
tion. The most widely used method for assessing nonspecific responsiveness involves 
aerosol administration of pharmacologic agents such as histamine and methacholine. 
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PHARMACOLOGIC AGENTS AND TECHNICAL PROCEDURES 


Pharmacologic agents are delivered in incremental concentrations until a desired 
pulmonary function change is observed. The initial concentration of histamine or 
methacholine should be less than 0.1 mg/ml in order to avoid severe reactions. 

Methacholine chloride and histamine acid phosphate may be diluted in either sa- 
line or buffered saline. When stored at 4°C, both agents maintain stability for several 
months [16, 14]. Although histamine and methacholine differ in molecular weight, 
both agonists give similar results. The challenge begins by measuring the response to 
a saline control aerosol. Responses to subsequent provocative agent concentrations 
are expressed by the pulmonary function change relative to the saline value. The dose 
of agonist is expressed by one of several ways: (1) as the concentration inhaled (mg/ 
ml), (2) as the cumulative amount of agonist delivered from the nebulizer, or (3) as 
cumulative inhalation breath units. An inhalation breath unit has been defined as the 
equivalent of one breath of a concentration containing 1 mg/ml [4]. The most com- 
mon variable used to express nonspecific responsiveness is the dose causing a 20% 
fall in FEV,. Depending on the expression of dose, this variable is presented as the 
PC,,-FEV, (mg/ml), the PD, -FEV, (micromoles), or the PD -FEV (breath units). 

Responses to pharmacologic agonists may be altered by different stimuli: medica- 
tions, baseline airway caliber, respiratory infections, and exposure to allergens and 
chemical sensitizers [5]. 


INTERPRETATION OF PHARMACOLOGIC CHALLENGE TESTS 


In epidemiologic and clinical research studies, pharmacologic challenge tests have 
been used most widely as a diagnostic test for asthma. Challenge studies in asthmatics 
showed that an abnormal histamine or methacholine response is a sensitive test with 
a high negative predictive value. The degree of methacholine or histamine respon- 
siveness has been shown to correlate with asthma severity. The level of responsive- 
ness also correlates with diurnal fluctuations in peak expiratory flow 

A number of studies have demonstrated an association between abnormal airway 
responsiveness and other respiratory conditions including cystic fibrosis, viral respi- 
ratory infections, exposures to allergens (5, 1] and diseases characterized by chronic 
airflow limitation such as chronic obstructive pulmonary disease. Changes in respon- 
siveness that occur with acute inflammatory conditions are usually transient and may 
return to normal in several weeks. Abnormal responsiveness associated with chronic 
bronchitis tends to be fixed and correlates with the level of pulmonary function im- 
pairment. For this reason, pharmacologic challenge tests cannot be used to discrimi- 
nate between asthma and diseases characterized by nonreversible airflow limitation 
in patients with abnormal spirometry. In asthmatics, increased responsiveness is of- 
ten demonstratable even when spirometry is normal. For this reason challenge testing 
is used in the evaluation of patients with normal spirometry who demonstrate respira- 
tory symptoms. In these patients provocation testing may be very useful in defining 
the cause of symptoms and establishing an appropriate treatment. 
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Pharmacologic challenge tests are generally safe. Severe symptomatic reactions 
may occur, in some patients with high level of bronchial hyperreactivity. For this rea- 
son, it is recommended that airway challenge tests should be performed by experi- 
enced physicians who are well trained in this area. 


TESTS OF SPECIFIC AIRWAY RESPONSIVENESS 


A different specific sensitizing agents have been used in bronchial challenge test- 
ing for investigative and clinical purposes. Many of these agents are well-defined aer- 
oallergens. Others are poorly characterized because of their complexity, such as or- 
ganic antigens causing hypersensitivity pneumonitis, and a variety of occupational 
chemicals causing asthma [12]. Bronchial challenge techniques can vary according to 
the particular agent used, especially occupational agents. Almost any allergen capa- 
ble of penetrating the lower respiratory tract can be used for bronchial provocation. 
The allergenic substance should contain particles of respirable dimensions, usually 
smaller than 10 x in diameter. Allergens used for bronchial challenge should also be 
Suitable for skin testing, since the allergen dose delivered to the airways is usually 
determined by the skin sensitivity of the patient. Aqueous allergenic extracts are most 
popular. Aerosolized powders and pollen fragments can also be used provided that 
they are administered in small enough particle size [15]. Allergens should be stand- 
ardized for potency and purity should be used, although in reality few allergens are so 
characterized. 

Most commercially available allergens are obtained as lyophilized extracts or as 
concentrated solutions. When stored at -20°C, lyophilized extracts or their concen- 
trates retain potency for an indefinite period. When reconstituted, however, extracts 
tend to degrade with time. 

The most commonly used method of allergen challenge testing involve: a graded 
dosing technique, in which incremental allergen concentrations are given sequential- 
ly until the desired pulmonary response is achieved. For reasons of safety, proper 
selection of the initial allergen concentration is the most important steps of the proce- 
dure. Initial concentrations that are too high may lead to severe reactions, whereas 
too low concentrations may lead to prolongation of the challenge procedure. There 
exist no simple guidelines for recommending starting concentrations, because of var- 
lation in patient sensitivity, as well as differences in potency and purity among differ- 
ent allergens. As a rule, the selection of an initial concentration is guided by the skin 
test sensitivity of the patient. Previously published guidelines have recommended as a 
Starting concentration that which produces a 2 + (larger than 5 mm wheal) reaction 
after intradermal injection [4, 6]. Although this approach is safe, it may result in an 
unnecessarily prolonged test in some patients, often taking as long as 2 to 3 hours to 
Provoke a mild asthmatic response. 

Some data indicate that the response to inhaled allergen is determined not only by 
the level of allergic sensitivity, but also by the level of nonspecific airway responsive- 
ness. Thus the response to allergen is viewed as a product of the quantity of mediators 
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liberated, as well as the airway responsiveness to mediators. Subjects with relatively 
low levels of nonspecific airway responsiveness may respond to inhaled allergen, pro- 
vided that they are highly allergic and a high enough dose of allergen is administered. 
Conversely, subjects with exaggerated non-specific airway responsiveness can also 
demonstrate reactions, although they possess only a modest degree of allergic sensi- 
tivity. 


AEROSOL DELIVERY SYSTEMS 


A variety of aerosol delivery systems are used for allergen challenge testing. Al- 
though different systems vary with regard to the type of equipment used and the pat- 
tern of aerosol inhalation, each is designed to optimize reproducible delivery to the 
lung so that an inhaled allergen dose can be calculated. In general, the dose delivered 
to the lower respiratory tract depends on the output characteristics of the nebulizer 
and several physiologic factors, such as pattern of inhalation and airway patency [7]. 
It is recommended that nebulizers generating aerosols with a particle size range be- 
tween 1 and 5 microns be used in order to minimize deposition of large particles in 
the mouth, oropharynx, and upper airway, as well as loss of aerosol due to exhalation 
of particles less than 1 micron. The distribution of aerosols within the lung is influ- 
enced by inspiratory volume and flow rate, lung volume at the start of aerosol inhala- 
tion, and breath-holding time. 


PHYSIOLOGIC MONITORING 


Physiologic responses to inhaled aerosols can be measured by a variety of pulmo- 
nary function tests. The choice of a pulmonary function measurement is based prima- 
rily on the purpose of the investigation. Studies examining preferential effects of an 
aerosol on peripheral versus central airways, for example, may require the use of tests 
designed to discriminate between large and small airways obstruction, such as flow 
volume curves breathing air and a helium-oxygen mixture. The best way is to use a 
battery of physiologic tests designed to assess different aspects of lung function . In 
practice, experience has shown that simple spirometric tests are usually adequate. In 
particular, the 1-second forced expired volume (FEV), the volume of gas expired in 
the first second of a maximum forced exhalation after full expansion of the lungs, is 
perhaps the most commonly used variable in evaluating inhalation challenge respons- 
es. Because FEV, measurements are widely used in clinical practice, challenge results 
are easily analized. In addition, the FEV, is among the most reproducible of lung 
function tests; the coefficient of variation for replicate tests in trained subjects is less 
than 3%. Further advantages of the FEV, are ease of performance and the require- 
ment for inexpensive equipment. Measurements of peak expiratory flow rate (PEFR) 
are also commonly used and, in my experience, changes in PEFR closely parallel chang- 
es in FEV,. Reliable and inexpensive devices are also available for PEFR measure- 
ments, and because such devices are lightweight and portable, they can be used by the 
patient to assess lung function changes after leaving the laboratory. 
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ALLERGEN CHALLENGE PROCEDURES 


The most common method currently used is a graded-dose challenge protocol, 
which is recommended for safety and for establishing antigen dose-response relation- 
ships. The procedure begins with the administration of a control aerosol (usually sa- 
line). Pulmonary function tests, usually the FEV, are measured before and after the 
control aerosol and after each dose of allergen. In general, subjects demonstrating 
less than a 10% fall in FEV, with the control aerosol are considered suitable for chal- 
lenge. Allergen extracts are administered in two-fold concentration increments until 
the desired pulmonary function end point is achieved. Most allergen extracts provoke 
either an immediate or a combination of an immediate and delayed obstructive re- 
sponse. In the immediate IgE-mediated reaction, peak pulmonary function altera- 
tions generally occur within 10 to 12 minutes after aerosol administration, and such 
changes may persist longer, with a gradual return toward prechallenge pulmonary 
function. Accordingly, incremental allergen concentrations are ideally administered 
at 12- to 15-minute intervals, and pulmonary function measurements are made be- 
tween 10 and 15 minutes after challenge. 


FACTORS INFLUENCING ALLERGEN CHALLENGE RESPONSES 


The response to inhaled allergen is determined by the level of nonspecific airway 
responsiveness, but factors that alter the latter may significantly influence the results 
of challenge tests. For example, increased histamine and methacholine responses have 
been found after prior exposure to allergens and occupational, sensitizers, after viral 
respiratory tract infections, and after exposure to oxidizing pollutants [5]. The poten- 
tiation of nonspecific airway responsiveness after viral infection may persist for as 
long as 7 weeks. 

A number of medications also alter allergen responsiveness. The inhibition of the 
early airway response to allergen have been reported with H, antagonists. Tricyclic 
antidepressent agents also possess potent anti-H, activity and may alter allergen re- 
sponses. 

Inhaled beta-adrenergic agents are the most potent inhibitors of the early airway 
response to inhaled allergen. The effects of methylxanthines remain somewhat con- 
troversial. 

Antiallergic drugs, whose mechanism of action is to inhibit mediator release from 
mast cells, inhibit allergen responses in most patients. Cromolyn sodium can block 
the immediate airway response to allergen challenge after a single inhaled dose. More- 
Over, cromolyn sodium has been shown to significantly inhibit late airway responses 
to allergen. The effects of corticosteroids on immediate responses to allergen, on the 
Other hand, are less clear. Anticholinergic agents may inhibit immediate responses to 


allergen in some subjects, although the effect is small and of questionable signifi- 
cance. 
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CHARACTERISTICS OF ALLERGEN RESPONSES 


The typical reaction to inhaled allergen is characterized by an immediate (early) 
obstructive response that develops within 10 to 20 minutes or a combination of an 
immediate response and a late reaction that develops within 3 to 8 hours after chal- 
lenge. The pathophysiologic alterations that occur in the immediate response are sim- 
ilar to those that occur during acute spontaneous attacks of asthma. Reductions in 
vital capacity, increases in residual volume and functional residual capacity, and ab- 
normalities of all pulmonary function measurements that reflect airflow limitation 
are characteristically demonstrated. Reversible increases in total lung capacity may 
occur after controlled allergen challenges as well. Other alterations reported with 
allergen challenge include hypoxemia, increases in physiologic dead space, and in- 
creases in pulmonary artery pressure. In general, immediate airway reactions resolve 
spontaneously within 1.5 to 3 hours. Reactions characterized by a 20% to 30% reduc- 
tion in FEV, are usually safe and well tolerated by the patient. Moreover, immediate 
reactions generally are easily reversed by the inhalation of a beta-adrenergic agonist. 

Late airway reactions are also characterized by an obstructive process, and thus 
they differ from the delayed Arthus-type reactions typical of hypersensitivity pneu- 
monitis where there is a predominant restrictive impairment [17]. Allergen-induced 
late airway reactions are usually of longer duration and more resistant to reversal by 
beta-adrenergic agonists than early airway reactions. In fact, asthma symptoms may 
persist for several weeks after allergen challenge in subjects experiencing late reac- 
tions. 

Inhibition of the late airway reaction has been demonstrated with corticosteroids 
and cromolyn sodium. Cromolyn sodium blocks both early and late allergen reac- 
tions, whereas corticosteroids tend to inhibit only the late reaction. Beta-adrenergic 
agonists, given prior to challenge, inhibit the early reaction but have no effect on the 
late reaction. 


USES AND INTERPRETATION OF ALLERGEN CHALLENGE TESTS 


Allergen challenge tests have been employed most productively as an investigative 
tool in studies of the pathophysiology and mechanisms of asthma and more recently 
in studies of the effects or new antiasthmatic compounds [9]. The clinical applications 
of allergen challenge tests are less well established. Such tests appear to be of diag- 
nostic value as they offer objective information concerning the etiologic role of spe- 
cific agents in hypersensitivity diseases of the lower respiratory tract. In practice, how- 
ever, this theoretical advantage has proven useful in limited clinical situations, prima- 
rily those involving cases of suspected occupational asthma or hypersensitivity pneu- 
monitis, where the historical relation between exposure and symptoms is unclear and 
where the suspected agent is unsuitable for diagnostic skin testing. Because many 
occupational sensitizing agents are poorly characterized, quantitative information 
concerning exposure levels is often difficult to obtain. Challenge procedures performed 
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with occupational allergens or other unusual sensitizing agents are therefore often 
carried out in the native environment or the workplace, where reaction severity can 
be predicted. Laboratory challenges may also be performed, but in this case the expo- 
sure protocol is designed to closely simulate natural exposure. These challenges should 
be performed by physicians experienced in the use of a particular agent. 


10. 


11. 


16. 


17. 
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STRESZCZENIE 


W pracy omówiono znaczenie inhalacyjnych testów prowokacji wziewnej w diagnostyce 
chorób układu oddechowego: astmy oskrzelowej, alergicznego zapalenia pęcherzyków płucnych. 
Opisano techniki wykonywania testów nieswoistych i swoistych, zwracając szcególną uwagę na 
interpretację wyników badań i ich znaczenie kliniczne. 


